The level of hyaluronic acid (HA) was determined in the pleural fluid of 99 patients, including 19 with malignant mesothelioma, 27 with lung cancer, 1 with breast cancer, 1 with mediastinal tumor and 51 with non-malignant diseases. With a cut-off level at 100 µg/ml, the pleural fluid concentration of HA was high in 36.8% of patients (7 of 19) with malignant mesothelioma and 1.3% of patients (1 of 80) with lung cancer and other malignant and non-malignant diseases. The mean concentration of pleural fluid HA was significantly higher in patients with mesothelioma than in those with lung cancer and other malignant and non-malignant diseases. The pre-test probability of MM was 5.9% in this series. The LRs for ≥100, 50-99 and ≤49 µg/ml are 28.3, 3.3 and 0.5, respectively; these put the post-test probabilities at 64, 17 and 3%, respectively. Indeed, in cases of uncommon disease such as MM, the post-test probability is low even if the cut-off level of HA is ≥100 µg/ml. The discrimination between malignant mesothelioma and lung cancer needs special attention. In these two diseases, the LRs of MM for pleural fluid CEA >30, 10-30 and <10 ng/ml were 0.2, 1.9 and 2.4, respectively. The pre-test probability of MM for HA ≥100 µg/ml is 64%. Furthermore, because the LR for CEA is <10 ng/ml, the post-test probability is 81%. When the combination of two markers is considered, the high level of HA and the low level of CEA may be useful for the differential diagnosis of MM from pleuritis carcinomatosa.
INTRODUCTION
The differential diagnosis of pleural fluids is wide and may indicate the presence of pleural, pulmonary or extrapulmonary disease. When we attempt to identify the cause of the pleural effusion, most patients undergo various diagnostic procedures. These procedures include chest X-ray, CT scan of the thorax, thoracentesis with multiple chemical determinations, various kinds of tumor markers, microbiological studies, cytological study on pleural fluid and biopsy of the pleura. Malignant mesothelioma (MM) is an uncommon and usually fatal neoplasm for which there is currently no standard treatment (1) (2) (3) . Diagnosis of MM is often difficult. There are more than a few cases in which the biopsy by thoracotomy or thoracoscopy is necessary for diagnosis. In this disease, the concentration of hyaluronic acid (HA) is often elevated in pleural fluid, ascites and pericardial fluid (4-7) and highly elevated HA has been considered a useful tumor marker. However, in many cases mesothelioma does not produce HA and other causes of elevated HA content occur (8) (9) (10) . Information concerning tumor markers is quantitative and clinical interpretation often depends upon the degree of positivity or negativity of a result. In order to evaluate its utility in the diagnosis of pleural fluid, we measured pleural fluid HA and assessed its usefulness as a tumor marker in MM, other malignant diseases and non-malignant diseases. In addition to standard sensitivity and specificity measurement, we described the likelihood ratios for MM in the evaluation of HA and carcinoembryonic antigen (CEA) in pleural fluid.
PATIENTS AND METHODS
A study was carried out between February 1994 and January 1995 at National Kinki Central Hospital. Pleural fluid samples were examined in a prospective study of consecutive patients with pleural effusion. In all patients, thoracocentesis was performed for diagnostic purposes. These samples obtained at the time of thoracentesis were divided, with one part being sent for HA assay. Teijin Bio-Laboratories measured for HA by use of an electrophoretic method (Celaphore DP210 Cosmo). In addition, CEA was also measured in some of these patients. We measured CEA in the pleural fluid with a Glaozyme [New] CEA EIA kit (Sanyo Chemical Industries). The series consisted of 85 consecutively admitted patients with pleural effusion, and 14 pleural fluid samples of patients previously diagnosed as having MM were also examined ( Table 1 ). The diagnoses of MM were based on biopsy specimens obtained at thoracotomy in eight patients, thorocoscopy in nine and transthoracic needle biopsy in two. All biopsy specimens were stained with hematoxylin, eosin, keratin, vimentin, CEA and alcian blue with or without pretreatment with hyaluronidase and confirmed as in the Osaka Mesothelioma Panel.
In total, 99 patients with pleural effusions were evaluated. Nineteen patients had pleural effusion due to malignant pleural mesothelioma and 27 had lung cancer (of which 18 had adenocarcinoma, 3 squamous cell carcinoma, 2 large cell carcinoma and 4 small cell carcinoma). Tuberculous pleuritis was found in 30 patients, pyothorax in 7, heart failure in 4, breast cancer in 1, mediastinal tumor in 1, pneumonia in 1, atypical mycobacteria in 1, idiopathic pulmonary fibrosis in 1, eosinophilic pneumonia in 1, pneumothorax in 1, hemothorax in 1, idiopathic eosinophilic pleural effusion in 2, collagen disease in 1 and unknown in 1.
STATISTICAL ANALYSIS
The statistical significance of the difference between the two groups was assessed by unpaired t-tests. The significance level was set at P < 0.05.
The likelihood ratio (LR) for MM for each diagnostic category was calculated according to previously described methods (11) (12) (13) (14) . An LR is a ratio of two probabilities: the probability of a given test result when the disease is present (the true-positive fraction) divided by the probability of the same test result when the disease is absent (the false-positive fraction). A positive test LR(+) can be expressed as follows:
LR(+) = true positive fraction/false positive fraction Given the pre-test clinical probability of disease, the LR can be used to calculate the post-test probability of disease.
The LR is related to the odds of disease by the equation post-test odds = pre-test odds × LR The odds of disease and probability of disease are related by the following equations: odds = probability/(1 -probability) probability = odds/(1 + odds) 
RESULTS
The titers of pleural fluid HA concentrations in each patient are shown in Fig. 1 . The HA levels in pleural fluid were 515.8 ± 1201.1 (range 24-5100) µg/ml caused by MM, 32.8 ± 14.9 (range 13-90) µg/ml by lung cancer, 26.7 ± 11.7 (range 12-55) µg/ml by tuberculous pleuritis, 52.6 ± 95.9 (range 12-270) µg/ml by pyothorax and 30.5 ± 10.8 (range 17-124) µg/ml by other diseases (mean ± standard deviation). HA levels in patients with MM were significantly higher than in patients with other pleural effusions including lung cancer (p = 0.048). Using a cut-off level of 100 µg/ml, the evaluation showed a sensitivity toward mesothelioma of 36.8% and a specificity of 98.7%.
LIKELIHOOD RATIOS AND POST-TEST PROBABILITY
A likelihood ratio expresses the odds that a given level of a diagnosis test result would be expected in a patient with the target disorder (11) . Likelihood ratios and post-test probabilities for the three-variable liner model were calculated and are listed in Table 2 . The likelihood ratios for HA ≥100, 50-99 and ≤49 µg/ml were 28.3, 3.3 and 0.5, respectively. Of these 85 patients, 5 patients were MM at our hospital during this prospective study. Because the pre-test probability of the target disease is 5.9%, the post-test probability would be 64%. The HA and CEA of 13 patients with MM and 25 patients with lung cancer were measured at the same time. The median concentration of CEA in pleural fluid of patients with mesothelioma and lung cancer was 6.1 (range 0-33.1) ng/ml and 1045.2 (range 0-10 545.5) ng/ml, respectively. There were significantly lower concentrations of CEA in pleural fluid from patients with mesothelioma than from patients with lung cancer (p = 0.018). With a cut-off value of 40 ng/ml, the pleural fluid concentration of CEA did not rise in 13 patients with mesothelioma, but did so in 16 of 25 (64%) patients with lung cancer. In the patients with MM or lung cancer, the LRs of MM for pleural fluid CEA >30, 10-30 and <10 ng/ml were 0.2, 1.9 and 2.4, respectively (Table 3 ). The LR of MM increased with a decrease in the level of CEA.
DISCUSSION
HA, a member of the glycosaminoglycan family, is widely distributed in connective tissues, synovial fluid, the vitreous humor of the eye, urine and serum (15) . Its function is an important constituent of the extracellular matrix. In recent years, this substance has been implicated in many cell functions, such as cell growth (16, 17) , locomotion and the metastatic process (18) (19) (20) . Some authors previously reported that an increased amount of HA has been recognized in pleural fluid with MM and it could serve as a useful tumor marker for this disease. Roboz et al. (4) suggested that an effusion with an HA concentration of >0.25 mg/ml, confirmed by hyaluronidase susceptibility, is an indication of presence of MM. Pettersson et al. (5) reported that when the cut-off level was set at 100 mg/l, the HA concentration in effusions with MM was raised in 73% and in 23% with non-malignant inflammatory diseases, but in none with other cancers or with congestive heart failure. Nurminen et al. (6) estimated that hyaluronate-derived uronic acid in pleural fluid had a cut-off level of 75 mg/l in 85 patients and they showed that the sensitivity and the specificity for this disease were 73% and 90%, respectively.
During a 1-year study period, we evaluated 85 patients with pleural effusions in our hospital. The most common underlying disease in this series was tuberculosis (35.3%), followed by lung cancer (31.8%), pyothorax (8.2%) and mesothelioma (5.9%). The pre-test probability of MM was 5.9% in this series. The LRs for ≥100, 50-99 and ≤49 µg/ml are 28.3, 3.3 and 0.5, respectively; The pre-test probability of MM was 5.9% in this series. The LRs for HA ≥100, 50-99 and ≤49 µg/ml are 28.3, 3.3 and 0.5, respectively; these put the post-test probabilities at 64% (a), 17% (b) and 3% (c). If the pre-test probability of the target disease is assumed to be high, e.g. 30%, and the LR is 28.3, the post-test probability is 92% (d). (B) The pre-test probability of MM for HA ≥100 µg/ml is 64%. In the patients with MM or lung cancer, the LR for CEA <10 ng/ml, the post-test probability is 81% (a). If another patient has HA ≥100 µg/ml and CEA >30 ng/ml, the post-test probability is 26% (b).
these put the post-test probabilities at 64, 17 and 3%, respectively (Fig. 2) . Indeed, in the case of an uncommon disease such as MM, the post-test probability is low even if the cut-off level of HA is ≥100 µg/ml. If the pre-test probability of the target disease is assumed to be a high probability, e.g. 30%, and the LR is 28.3, the post-test probability is 92% [ Fig. 2A(d) ]. Pre-test probabilities can be conveniently converted to post-test probabilities using the nomogram in Fig. 2 .
Specifically, the discrimination between MM and lung cancer needs special attention. In malignant pleural effusion caused by MM, the concentration of HA is significantly higher than that in malignant pleural effusion caused by adenocarcinoma. This finding is useful for differential diagnosis between mesothelioma and adenocarcinoma (21) . However, the practical clinical value of HA determinations in pleural effusion alone may be insufficient. We added the CEA value to this HA to increase the diagnostic value. For example, when one patient has HA ≥100 µg/ml and CEA <10 ng/ml in pleural fluid and the pre-test probability is 5.9%, if we use the level of HA alone, the post-test probability of the patient for MM would be 64%. To differentiate further between MM and lung cancer, we are able to use CEA levels in succession. The LR of MM for CEA <10 ng/ml is 2.4. For the differentiation between MM and lung cancer, the pre-test probability is 64% and the post-test probability would be 81% [ Fig. 2(a) ]. On the other hand, if another patient has HA ≥100 µg/ml and CEA >30 ng/ml, the post-test probability would be 26% [ Fig.2B(b) ]. When a combination of the two markers is considered, the level of HA and CEA may be useful for the differential diagnosis of MM from pleural carcinomatosa. Similarly, some authors have emphasized that the elevated HA concentrations and low CEA concentrations in pleural fluid proved helpful in the differentiation between pleural mesothelioma and pleuritis carcinomatosa (5, 22) .
In previous studies, it has been demonstrated that HA synthetase activity in various biological systems can be stimulated with a variety of compounds, such as EGF (23), PDGF, TGF-β (24) and IGF-I (25,26). Maeda et al. (27) suggested that the levels of TGF-β in malignant pleural effusions caused by mesothelioma were significantly higher than those due to primary lung cancers. TGF-β may contribute greatly to the formation of clinical features of mesothelioma, which are characterized by thickening pleura on chest films and large amounts of HA in malignant pleural effusion in mesothelioma.
Furthermore, the combined use of markers such as TGF-β, CEA and HA may be more useful for the diagnosis of mesothelioma.
